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Attorney Docket No. 79183

ACOUSTIC SENSING CCUNTERMEASURE DEVICE

AND METHOD OF DETERMINING A THREAT DIRECTION

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may ke manufactured and used

o)

[ad 1)
Y

by or for the Government of the United States of America
governmental purposes without the payment of any roysalties

tnereon or therefore.

BEACKGROUND O THE INVENTION

() Field Of The Invention
This invention releates generzlly to acoustic signel

detecticn and more perticularly, to &an acoustic sensing
ccuntermeasure device and a metrhcd of determining & threz:
Cirection.
(z} Description Of The Prior Rrc

- Countermeasures are common-.y used tc prevent.a homing system
from finding & submerine or otherz vessel. Countermeasures
typically include acoustic devices deployed by the vessel to
prnject either noise or an interference signal to mask or confuse
& rorpedo or other projectile or vehicle posing a threat tc the
7z3sel. Although ezisting countermeasures have been successful

ir. countering threats and protecting vessels, the exzisting
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countermeasures do not have the capability of sensing and
providing directional information of the threat being countered.
Knowledge of the directicn in which a threat projectile or
vehicle ié traveling can assist the submarine or vessel in

evading the threat.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is to
provide a countermeasure capable of sensing & threat direction.

Another object of the present invention is a countermezasure
czpable of pfoviding directional information to a vessel.

Another object of the presen: invention is a method cf

determining a threat direction and transmitting threat direction

irformation.

[2a 8

The present inventicn features a thrsat direction sensing

[A}]

countermeasure deviée comprising & countermeasure hcusing hzaving
& generally cylindrical shape and an acoustic receive array
mcunted around the countermeasure housing. The acoustic receive
array includes a plurality of acoustic sersors for sensing
&coustic signals representing a threat. The acoustic sensors are
grouped to form directional acoustic beams for indicating &
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€at direction relative to the countermezasure device. The
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stic sensors are preferably arranged zs segmented, vertical

taves around the countermeasure housing. The countermeasure

N




Ko

10
11
12

13

15
16
17
18
19
20
21
22

23

24

25

housing preferably has a reduced outer diameter section in which
the accustic receive array is mounted.

In one embodiment, the countermeasure device further
comp;ises a direction lccation device coupled to the
countermeasure housing for locating a knéwn reference direction.
The known reference direction and the threat direction can be
used to determine a bearing of the threat represented by the
acoustic signals. In one example, the direction location device
is a compass and a compass heading of North is the known

reference direction.

Tn

Ine present inventicn also features & method of cetermining

& threat direction. The method comprises deploying one or rmcre
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o
c

stic sensing devices having acoustic sensors grouped tc form
clrectional acoustic beams; locating a known reference direction;

linking the reference direction tc a reference directional

\}

Zoustic beam; receiving threat acoustic signzls on cne cor more

O
by

the acoustic sensors; determining a threat directicnal
&coustic beam based upon the acoustic sensors receiving the

Lrreat acoustic signals; and transmitting bearing informaticn

~irzluding the reference directional acoustic beam and the trreat
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irectional acoustic beam. Where the acoustic sensing device is
countermeasure deployed from a vessel, the countermeasure
ransmits countermeasure signals and the bearing information is
ransmitﬁed as a coded signal with the countermeasure signals.

According to one method, the reference direction is leccated
sing a compass coupled to the acoustic sensing device where the
ompass heading of North is linked to the reference directiénal
coustic beam.

According to another method, the step of locating the

reference direction includes receiving reference acoustic signals
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N one or more acoustic sensors from & signal source having =
nown location; and determining the refersnce directional

coustic beam based upon the acoustic sersors receiving the

1~
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eference acoustic signals. Where the acoustic sensing device
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countermeasure deployed from & vessel, -—he vessel can
ignezl source having the known lccation.

Eccording to a Zfurther methocd, first and second acoustic

coustic sensing devices determine the krown reference direc-ion
ith respect to each other. Each of the first and second
coustic sensing devices also receive the threat acoustic sizgnals

~d determine the threat directicn acoustic beam.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and.advantages.of the present
invention will be better understcood in view of the folloewing
deécription of the invention taken together with the drawings
wherein like numerals indicate like parts and wherein:

FIG. 1 is a partial perspective view of a countermezsure

N

device having an acoustic receive array, according to the

el
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invention;

FIG. 2 is a schematic top view of the countermeasurs device

[¢)]

nd directional acoustic beams formed by grouping acouszic
sensors; and
FIG. 3 is a schematic diagram of the threat direccic-

nsing countermeasure device being used to cetermine & tThreas

@)
(3}

te]

Zirection.

DESCRIPTION OF THE EXEFERRED EMEODIMENT

L threat direction sensing ccuntermeasure device 106, 7Iz. 1,

sccording to the present inventicn, is cepable of sensing

s

direction of a threat projectile, such as a torpedo, in zcdizion
=0 providing protection from the threat oy trensmitting
countermeasure acoustic signals. The countermeasure device 10

trovides countermeasure protecticn, such zs transmitting

~ountermeasure acoustic signals, zccordirg to any known

L]
0O

hnicues used in countermeasure devices. The countermezsure

“zvice 10 is preferably deployed from a vessel, such az &
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submarine, and the threat direction information is transmitted
back tec the vessel, as described in greater detail below.
Altheough the exemplary embodiment is a countermeasureudevice, the
concepts of determining a threat direction described kelow can be
used with other types of acoustic sensing devices.

The cduntermeasure device 10 includes an outside
countermeasure housing 12 having a generally cylindrical shape
and an acoustic receive array 14 disposed around a section of the

cutside countermeasure housing 12. The acoustic receive ray 14

[\l
A

s preferably a thin acoustic arrzy such as the MULTI-LAYE

A

~COUSTZCALLY TRANSPARENT SONAR AXRAY disclosed in U.S. Ea-zn:z No.

[}

. 808,370, incorporzted herein btv refersnce. The outside ~ousing

22 prelerably includes & reduced outer cdiameter sectiorn 1€ that
receives the acoustic receive arrzy 14 such that the accuszic
receivs array 14 blends with the cutside contour of the

n

countermeasure device 10. The acoustic rzeceive array 14

O

-icn

"Wy

referzoly made of & material thet requires & minimel racu

n the countermeasure housing dizmeter, such as the 1-3 ccrmrosite

r poly7inylidene fluoride arrzy materizi disclosed in U.S.

"t
Y]

tent Mo. 5,808,970. This reduces impzct on the ccuntermezsure

~
-

meter and facilitztes implementation. 1In cne example, the

o
)

sutside countermeasure housing 12 has a nominzl diameter cf about

£ in., zlthough this is not a limitatior on the present

N
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-The acoustic receive array 14 preferably includes a
clurality of acoustic sensors 1Y arranged as segmented vertical

staves 20 mounted around the cutside of the housing 12. Each

f

" vertical stave 20 includes a vertical column of acoustic sensors

18. The acoustic sensors 18 sense acoustic éignals representing
the threat, such as active acoustic signals and radiated noise
signatures of-underwater vehicles. The acoustic sensors 18
generate electrical signals corresponding to the acoustic
Signals, which are processed, fcr example, using signal

crocessing circuits within the acoustic receive array
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isclosed in U.S. Fztent No. 5,808,97C. By summing the
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cal signals from all o
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ves 20, an omni-dirsction
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eive pattern is produced in the horizontzl plane.

To achieve directionality in the hcorizentel plane, the

vertical staves 20, FIG. 2, are crouped in each direction c¢f
Interest to form fixed directionzl acoustic beams 22. Fcr
sxample, directionzl acoustic bezm 22z is formed by summing

staves Z20a, 20b, 20c; directionel acouszic beam 22b i1s fcrmed by
summing staves 20b, 20c,_20d; anc directionegl acoustic beam 22C
is formed by summing staves 20c, 20d, Z2%e. Elthough three
directional acoustic beams 22a-c are shawn, the gfouping cf eall
»f the staves 20 can be varied tc form directional acoustic beam
catterns across the entire horizontal plane cf the countermeasﬁre

device 10.
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By monitoring the summed acouétic outéut from each of the
directional acoustic beams 22 and comparing the output, the beam
with the high energy signal is determined to be oriented toward
the threat signals. For example, if acoustic signals 24 travel
from the threat direction 26, the summed accustic output cf
staves 20c, 20d, 20e will have the highest energy and directional
acoustic beam 22c will be the threat directional accustic peam
oriented in the threat direction 26. Once the general threat
direction relative to the countermeasurs device 10 (i.e., the

threat directional acoustic beam) is known, bearing infermation

(]
()

can be determined by locating or determining & known referznc
cdirection, as will be described in greater detail below.
According to one embodiment, the ccuntermeasure devics 10

includes a direction location device 30, such as a ccmpass, that

iocates a known reference direction such as the compass hezding
cf North, as indicate by arrow 1. Other dirsction locz=ion

cevices can zlso be used. The known reerence direction 22 is
linked to a directional acoustic beam 22z having the same general

direction (i.e., the reference directicrnal acoustic bteam). The

-
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ati-

)

direction or bearing of the thrzat can be determired
from the reference directional accustic beam 22a oriented zsoward
the North di:ection 31 and the‘threat cirecticnal accustic zeam
2Zc oriented ftoward the threat directicr 26.

Ir use, the countermezsure device -0, FIG. 3, iz deplcyed
plicy

from a zubmarine 32 or other vessel. Tr.e countermeasure device

QO
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10 flcats generally vertically in the water such that directional
acoustic beams 22 provide 360 degree ccoverage in the hori-ontal
plane. A threat torpedo 34 or other projectile or vehicle
generates the acoustic signals 24 traveling generally in the
threat direction 26. The countermeasure device 10 senses the
acoustic signals 24 and determines the threat direction 26 as
described above. The threat direction 26 together with the known
reference direction provide éngular or bearing informaticn
pertaining to the threat torpedo 34.

The‘countermeasure device 10 prefsrably includes a
transmitter 36 for transmitting the bearing informaticn (e.g.,
the reference directicnzl acoustic beam znd the threat
directicnal acoustic beam). The bearing information can be

transmitted tc the vessel 32 that deplcved the countermeasurs

device 10 or to any cther locaticrn. Ir cne example, the
transmizter 36 is a noise/interference ctrojectsor that prciscts
countermeasure noise/interference signzis 38, and the b aring

ignal with the

information is transmitted as a coded

n
(18]

countermeasure signels 38. The coded

n

ignal preferably
identifies the reference directicnal ac-ustic beam and the tnreat
directicnal acoustic beam, which indica-e the zngle between the
reference direction and threat directicr. By monitcring the
Bearing information, the vessel 2Z can <etermine when a threat
Corpeds 24 or vehicle passed the <ountermeasure device 10 and-is

moving zway from it.
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The known reference direction can also be located or

4

determined without,using the direction location device 30.
In one example, the countermeasure device 10 detects acoustic
signals 40 from the vessel 32, such as the evading submarine, and
uses the bearing.of the vessel 32 as the known reference
direction 42. Using this known reference direction 42, the
relative threat angle a between the vessel direction 42 and the
threat direction 26 can be determined.

According‘to another example, at least first and secons

countermeasure devices 10, 10a are deplcved. Each of the

countermeasure devices 10, 10a determine & reference direczicn 44

rs
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ative to the other countermeasure d
ctuntermeasure devices 10, 10z also determine the resrectivs
threat directions 26, 46 relative to that countermeasure ceice
13, 10e. Using bearing informaticn from two ccuntermeasurs
cevices 10, 10z and triancgulatior technigues, threat rancge
informztion can be determined.

N -
£ccordingly, the present inventicn provides countermezz:re

cevices with the capability of sensing and providing directiznal
irnformztion of a threat being countered.
In light of the above, it is therefsre understocc that

the invention may z=

fracticed otherwise than as specifically described.
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Attorney Docket No. 79183

ACOUSTIC SENSING COUNTERMEASURE DEVICE

AND METHOD OF DETERMINING A THREAT DIRECTION

ABSTRACT OF THEZ DISCLOSURE . ..

An acoustic sensing countermeasure devige:;s!used 2 sense
the direction of a threat prgjec:ile or vehicle in acadition to
countering the threat with noise cr interference signals.
Countermeasure device includes an acoustic rscsive arra
comprised of segmente veitical staves creferzcly mcunted within

a2 reduced diemeter secticn
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ccuntermeasure device. The steves ars grouped to Icrm
dire;tional acoustic beams acrcss the sntire h:rizon:a; clane
Tc determine the directicn of the zccustic signals Irco tne
tnreat projectile cr vehicle, the ccuntermeasure device uUsEs &

method wherein the direction is indicated by zhe cutzut oI the
cirectional acoustic beams. The :ountermeas:re_devi:e _ccates &
znown reference direction used tc determine the be;ring cf£ the
tareat. The bearing informaticrn <zan Le transmipted, fcf ezample,
7% the wvessel that deployed the ~cuntermeasurs. In cne szzmple,
“ne countermeasure inciudes a ccrzass and the compass hezding of
lorth is used as the reference dizection. Elternatively,
countermeasure device can detect -ne vezzel <r ancther

~cuntermeasure devize and use thz- as the reference <zirsction.
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